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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a honeycomb 

structure with high collecting effects on a fine 
combustible particle, especially to provide a diesel 
particulate filter. 

SOLUTION: This honeycomb structure has the surface 
roughness of a cell wall surface of SOjim or more in 
terms of 10-point mean roughness (Rz). The diesel 
particulate filter is constituted of this honeycomb 
structure. In addition, the heating device comprises a 
pair of electrodes 3, 4 for energizing a material to be 
treated 2 and a side heater 1 0 for heating the material 
externally on the lateral faces of the paired electrodes 3. 
4, arranged in a thermally treating chamber. The paired 
electrodes 3. 4 and the side heater 10 are connected to 
their own power supply control devices, respectively. 
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(Claim 13] 20 - 80 % of the weight of silicon carbide powder and the remainder substantially 
Silicon nitride powdsr. [ a honeycomb configuration Ptostie soHd ] It consists of oxidation ^Icon 
powder and a carbonaceous material, andL moreover, the rate receives ( tfie mean particle 
diameter of oxidation siGcon powder ] the sXcon nitride powder 100 weight section by 1 
micrometer or less. 5-30 weight sectiert. 



CLAIMS 



[Claim 1] The honeycomb structure oljeet characterized by the surface roua^wiess on the front 
face of a ceB wall of a honeycomb structure obiect being 30 micrometers or more in the ten- 
point aversce of roughness height (RzX 

[CUim 2) The honeycomb structure obiect according to claim 1 characterized by the dameter of 
an open pore in the ceO wal front face of a honeycomb structure object beir^ 20 micrometers or 

[Claim 3] The honeycomb structure object according to claim 2 with whi* the average pore 
cSameter of a cell waO is characterized by the porosity of 10-40 micrometers and a cell wsB 
being 40% or more. 

[Claim 4] The honeycomb structure object accorcfing to claim 1. 2. or 3 characterized by the 
constmctjon material of a honeycomb structure obiect being the quaKty of an ahjmina. the 
quality of cortfierite. the quality of a muOite. the quaKty of sSicon nitride, or the quarrty of 
slumvniufn nitridA, 

[Cbim 5] The honeycomb strxxiture ot^ct accooSng to claim 1. 2. or 3 charecterized by the 
construcrtion material of a horveycomb structure obiei^t being the quality of silicon carbide. 
[Claim 6] The diesel particulate filter characterized by coming to consist of honeycomb structure 
objects accorcfing to claim 5. 

[Clavn 7] The manufacture approach of the horteyeomb structure oluect characterized by 
febricating the Plastic solid of a honeycomb configuration with a conductive ingre<fient 
energizing it to the shaft orientations of the inside of a non-oxidizing atmosphere, end • 
honeycon^ breakthrougK and carrying out heating sintering. 

[Claim 8] The manufacture approach of the honeycomb stnicture obiect according to claim 7 
characterized by carrying out heat tracing at a side heater further from the side face of a 
honeycomb configuration Plastic sofid. 

(Claim 9] The manufacture approach of the honeycomb structure obiect according to claim 8 
which the temperature gradient of a honeycomb configuration Pbstic solid outside surface and a 
side heater makes it to less than **10%, and is characterized by carrying out hestir^ sintering. 
[Claim 10] The manufacture approach of the hor>eycomb structure object accordmg to claim 7. 8. 
or 9 characterized by the constriiction material of a honeycomb conTiguration Plastic solid being 
the quality of an alumina, the quality of cordierite. the quafity of a muilite. the quality of silicon 
nitride, or the quality of alumimium nitride. 

(Claim 1 1] The manufacture approach of the hooey comb structure object accorcfing to claim 7. 8. 
or 9 characterized by the construction material of a honeycomb configuration Plastic soKd being 
the quality of silicon carbide. 

[Claim 12] The manufacture approach of the honeycomb structure obiect according to daim 7. 8. 
or 9 which 20 - 80 % of the weight of sSicon carbide powder ar>d the remainder consist ( a 
honeycon^ configuration Plastic soBd ] of siGcon nitride powder and a cartMxiaceous material 
subsUntiaOy, and the mole ratios (Si/C) for silicon of silicon nitride powder to the carbon 
content of a carbonaceous material are moreover 0.5-1.5. and is characterized by calcinating it 
at ttie tem p e r ature of 1600 degrees C or more. 
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OETAafD DESCRIPTION 



[Detailed Description of the hvention] 
[0001] 

[Field of the Invention] This invention relates to the ffiesel particulate filter which it comes to 
consist of a honeycomb structure object. tU manufacture approscK and a nature honeycomb 
structure object of sRicon carbide. ar>d heatint apparatus applicable to manufacture of a 
honeycomb structure obiect at a Kst 
[00023 

[Description of the Prior Art] As the filter which carries out upUke of the inflammable particles, 
such as soot used as hannfy matter, from exhaust gas. for example, a diesel particulate filter 
whidi carries out uptAe of the inflammable particle contained in the exhaust gas of a desd 
power plant (henceforth 'OPf), the honeycomb structure object which uses cor<£erite or 
silicon carbide as a principal component is proposed. The' breakthroo^ by v»h»ch the • 
breaktfvoii^ by vrfiich the structure consists of the porous-ceramics structure which has the 
breakthrouih of a large number prolonged in an outlet end face from an inlet-port end hce. and 
the breakthrough of the large nunrtber is separated with the porosity wall called a cell wan. and 
tfie inlet-port end face and outlet end face of a breekthrough of the large number were closed 
by twns by the checker, and the inlet-port ertd f»C9 was closed was opened by the outlet end 
fece. and the inlet-port end lace was opened is closed by the outlet end face. And in case it is 
attached as a part of a Diesel enpne's exhaust gas system, exhaust gas fh>ws from the 
breakthrouih by w>uch the inlet-port end face was opened and this DPF passes a cell wall, 
uptake of the inflammable particto is canried out and K flows out of the breakthrough used as the 
exhaust gaa which does not contain an inflammable particle by whidi the outlet ertd fece was 
opened. Therefore, a cell wai needs to have the pore diameter and porosity suitable for the 
exhaust gas containing an inftemmable partide being able to pass easily, and carrying oU uptake 
of an the aH [ inflammrttle / inflammable most or ]. 

[0003] K uptake of the inflanmable particle of a constant rate is carried out to the cdl wal of 
DPF. since lifting ventSation resistance increases blinding, a eel wall r>eeds to remova.it 
perio<ficaBy and needs to reproduce DPF. Since a lot of inflammable particles are espedaNy 
contained n exhaust gas. sudi as a Diesel engine, large-sized DPF is used, and playback spacing 
is also adjusted to some extent 

[0004] There are an approach of carr^rtg out heating incineration combirHng the exoer^ metal 
layer and DPF which the combustion gas of a burner is irijected [ DPF ] directly and make an 
inflammable partide burned down as the playback approach of DPF. such as an approach and a 
nichrome wre heater, a method of energizing directly to DPF which condsted of conductive 
ingredwnU. c vrying out self-ganeration of heat and making an inflammable particle burned 
dovwi. etc. However, when such playback is repeated frequently. DPF has the problem which a 
mechanicd strength falls by thermal fet^ue. the crack by thermal stress tends to gerterate since 
a temperatire gradient becomes large by combustion in especially large-sized DPF. and local 
generation of heat produces according to the uptake unevemess of an inflammable particle, and 
an erosion crack gerwrates. 

[0005] As mventJon which left for the pore property of a ceP waH. the uptake of an inflammable 



particle, and the viewpoint of incir>eration. conventionally In JP.S-77442B (the USP No. 
4.297.140 description) In the cell waH of a honeycomb structure obiect the average <fiameter of 
the pore which forms the volvme of openirv porosity and opening porosity It sets on a 
coordir«ate ar>d is a point 1-G-S-2-3-4 (however, the point 1: the average pore cfiameter of 1 
micrometer opening porosity 58.5%). The point G: opening porosity 46.6% and average pore 
diameter of 1 2 micrometers, a point S; The opening porosity 39.5% and average pore <fiameter of 
IS micrometers, the point 2: opening porosity 33.0% and average pore diameter [ of 15 
mwrometers 1 point 3; openirtg porosity 52.5%. and average pore <Sameter [ of 20 micrometers ]. 
point 4; opening porosity 90.0%. and average pore diameter of 1 micrometer — having — DPF in 
the band GmKed by the borderline to connect b irKficated. Moreover, in the rtature honeycomb 
structure okueet of siBcon carbide with which a thin septum is separated ar>d many 
breakthroughs affdn shaft orientations, tfie tNng of the three-cfimensional rtetwork wtwch made 
the sutgect plate crystal of the average aspect ratios 2-50 for this septum is irxlicated by 
JP.61-83689A 

[0006] Furth er more, there is many advanced technology about the ****** approach of a 
honeycomb end fxe. For example. JP.S7-721S.A (the USP No. 4.293.3S7 description}. In a 
JP.58-37480.A official report (the USP No. 4.557.773 description, the USP No. 4.573.896 
description) after sticking a fflbi etc on a honeycomb end face, or it makes a hole in the part 
which hits the breakthrough which — or — oK after sticking on a honeycomb end face 

the film whic^ ****** opened. ***'<mOr^ this hole writh » seaSng agent in a honeycomb end 
face is indwatttd. 

[0007] However. About the uptake effectiveness of an inflammable particle which the dwmeter of 
an open pore of the mapiitude (namely, cfiameter of an open pore on the front fece of a eel walO 
in opening of the pore formed m a cdl wal. or the sur^e rou^mess of a ceil wall artd a eel wal 
front face has done, there is no reference in the above-mentioned advanced technology. 
Therefore, in conventional OPF. it was (SfRctdt to miniaturize, since the uptake effectiveness of 
an inf la mmable particle fuBy starts Wirtdmg eadly. 
[0008] 

[the teclviicd problem wMch invention makes sokition ♦♦*♦**] The object of this invention is 
offerng the honeycomb structure object wMeh can heighten the uptake effectiveness of an 
inflammable partide by controlling the shape of table planarity of a ceB waB. Other otsecti of this 
invention are offering the approach of manufacturing the homogeneous honeycomb structure 
object which is exMlent in the uptake effectiveness of such an inAamnn^le particle wth 
sufficient productivity, without starting a crack, an erodon, etc Furthermore, another obiect of 
tfiis wivention is offering highly efficient DPF which can heighten the uptdio effactiveness of an 
■nflwnmabte partide much more, can have it and can perform compaction of miniaturization and 
a regenerative cycle by controlling the shape of table planarity of a cdt wall while makins 
construction material of OPF the quality of sScon carbide. Furthermore, even if .other objects of 
this invention perform Mg^speed temperature-tip heatir^K tfMy are offering the manufacture 
approadi of a corwiuctive sintered cmnpact and heating apparatus which can smter a corMhiotiwe 
Plastic sdid on uniform temperature distribution and the stable condhiona. 
[0009] 

[Means for Solving the Problem] The summary of this invention is as follows. 
(Claim 1) The honeycon4> structure object cKkracterized by the surfaoe roughness on the firont 
face of a eel wall of a honeycomb structure ottfect being 30 micrometers or more in the ten- 
point average of roughness height (Rz). 

((^im 2) The honeycomb structure object according to daim 1 characterized by the cfiameter of 
an open pore in the ceB wal front fac;e of a honeycomb structure otoect being 20 mierometers or 

(CIdm 3) The horwycomb structure object according to daim 2 with which the average pore 
dameter of a eel wal is characterized by the porosity of 10-40 micrometers and a ceB waO 
beirtg 40% or more. 

(Claim 4} The honeycomb structure object accorcfing to daim 1. 2. or 3 characterized by the 
construction material of a honeycomb structure object being the quafity of an dUmina. the 
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quality of cordierite. the quafity of a mullite. the quality of slieon nitride, or the quality of 
alumimium r\itride. 

(Claim 5) The honeyeonrd) structure dbjeei accorcfing to daim 1. 2. or 3 characterized by the 
construction material of a honeycomb structure objec;t beirig the quality of siKcon carbide. 
(Claim 6} The diesel particulate filter diaraeterized by coimng to consist of honeycomb structure 

objects accorcfir^ to claim 5. 

(Claim 7) The manufacture approach of the honeycomb structure ot^ect characterized by 
fabricating the Plastic solid of a honeycomb configuration with a conAictive ingredient 
energizing it to the shaft orientations of the inside of a non-oxidiz'mg atmospfwe. and a 
honeycomb breakthrough, and carrying out heating sintering. 

(Claim 8) The manufacture approach of the honeycomb structure object aceordirv to cIdm 7 
characterized by carrying out heat tracing at a side heater further from the side fece of e 
honeycomb configuration Plastic soid. 

(Claim 9) The manufacture approach of the honeycomb structure otgect according to claim 8 
which the temperature gradient of a horteycorhb configuration Plastic sofid o«Aside surfece and a 
side heater makes it to less than **10V and is characterized by carrying out heating sintering. 
(Claim 10) The manufacture approach of the horwycomb structure object according to claim 7. 8, 
or 9 characterized by the construction material of a honeycomb configuration Plastic sdid beinB 
the quality of an ahjmina. the quality of cordierite. the quality of a mullite. ^e quality of silicon 
nitride, or the quality of akimtmiom nitride. 

(Claim 1 1) The manufacture approach of the honeycomb structure object accordBng to claim 7. 8, 
or 9 characterized by the cortstruction material of a honeycomb configuration Plastic solid beirig 
the quality of silicon carbide. 

(Claim 12) The manufacture approach of the honeycomb stn^ture object according to claim 7. 8. 
or 9 which 20 - 80 % of the weight of sBicon carbide powder and the remairtder consist ( a 
honeycomb configuration Plastic soEd ] of silicon nitride powder and a carbonaceous materid 
si^stantially. and the mole ratios (Si/C) for silicon of silicon nitride powder to the carbon 
content of a carbonaceous material are moreover 0.5-1.5. and is characterized by ealcinatir^ it 
at the temperature of 1 600 degrees C or more. 

A horwycomb configuration Plastic solid 20 - 80 % of the weight of silicon carbide powder. (Claim 
1 3) The remainder consists of silicon nitride powder, oxidation silicon powder, and a 
carbonaceous material substantially. The rate receives [ the mean particle diameter of oxidation 
silicon powder ] the silicon nitride powder 100 weight section by 1 micrometer or less. And 5 - 
30 weight section. The manufacture approach of the honeycomb structure object according to 
claim 7, 8. or 9 which the mole ratios [ as opposed to the cart>on content of this carbonaceous 
material xi the rate of a carbonaceous material ] (Si/C) for all silicon of silicon nitride powder 
and oxidation silicon powder are 0.5-1.5. and is characterized by calcinating ft at the temperature 
of 1 600 degrees C or more. 

(Claim 14) The mamtfacture approach of the honeycomb structure object chwacterized by 
performirtg heat tracing and making a honeycorhb configuration Plastic solid accortfing to daim 
13 sinter at the temperature of 1600 degrees C or more, without performing energization heating. 

(Claim 15) It is the heating apparatus with which the side heater (10) for carrying out heat 
tracing of the above-mentioned processed material to the side face of the electrode (3) of the 
couple for energizing to a processed material (2) and (4). and the electrode of this couple is 
characterized by coming to be arranged in a heat-treatmeni room (1). and coming to connect 
the electrode and the above-mentioned side heater of a up Norikazu pair with each supply- 
voltage contrd unit 

[(M)10] Hereaaer, this invention is explairwd in more detail. 

[001 1] In the honeycomb structure object of this invention, they are cermets, such as ceramics, 
such as metals, such as ahiminum. Cr. and nickel. siKcon carbide, alumimium rwtride. silicon 
nitride, an alumtrta. cordierite. and a mullite. aluminumZ 03 / Fe. akjmtnum2 03 / nickel, and 84 
C/Fe. as the construction material. Since silicon carbide has the outs tending thermal resistance, 
the porous body moreover has also in these the structure where pore was formed in the gap of 
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the <»ystel tr»in diBd who became entangled in the complicated condition, and the collection 
efficiency of an irrfbnvnable particle becomes [ ventKation resistarKe ] smaU Mghly, it is sutteble. 

[00121 In the li u neycemb structtw object of thb imrention. 30 micrometers or more of surface 
roughness of a cefl wal were preferably set to 40-300 micrometers by the ten-point average of 
nx^tvMss height (Rz) because the sur^e roughness of a cell wan was cilosely related to the 
amount of uptake of an inflammable particle and the amount of uptake of an inflammable partide 
cfid not irtcrease in less than 30 micrometers. About the upper Umtt of the surface rouchneas of a 
eel waB. although there is especialy no Emit it is desirable that it is 300 rmcrometers or less in 
cortsideration of reinforcement. 

((X>13] In this invention, even if it is the honeycomb structure object which has the dwve- 
mentioned surface rouihness. it is desirable that the maptitude of the pore formed in a cdl waB 
is contrdled. That is. in this invention, it is dedrable that espedaOy 20 micrometers or more of 
dwmeters of an open pore in a eel waH front face. Le.. the magnitude in opening of pore, are 20- 
50 micrometers. The cnI component of a cfiesel power plant etc oorKlenses an inflammable 
particle as the diameter of an open pore on tins front face of a ceB wdl is less than 20 
micrometers, and since adhesion force is strong, bfindir^ is easBy started also by sGght actiesion. 
Although there is especiaOy no limit about the upper Emit of the tSameter of an open pore on the 
front face of a ceB wsU. since a particle wriB pass artd coBection efficiency wiB fal if it becomes 
not much large, the upper limit of the desirable cfiameter of an open pore in consideration of 
reinforcement is 50 micrometers or less. 

[0014] The cfiameter of an open pore on the front fmen of a cdl wal as used in the fidd of this 
invwttion observes a ceU waB front facm with a scanning electron microscope, and means the 
pitch cfiameter for which it asked by image analyds so that the measuring method may be 
explained in fuB detdl in the example. 

[0015] h the honeycomb structure object of this invention, there is especiaAy no limit about tiie 
average pore cfiameter and porosity of pore which are formed at a ceB wsB. However, ^out 
especiaBy the porosity of a eel wi^ SO - 70% is dedrable 40% or more, and it is desirable about 
an average pore diameter that it is 10-40 micrometers. If the porosity of a ceQ waB becomes 
high and has ventBation resistance ( good ] for 70% at lass than 40%. reinfereement wBI Ht. 
Moreover, if the average pore diameter of a ceB waB becomes easy to carry out blirMfing of the 
inflammable partic^le inside a ceB waB in less than 10 microm^ers and 40 micrometers is 
surpassed, reinforcement «nB fall. 

[0016] The average pore diameter of the cdl wal ai this aivention mearts that for wMch it asked 
with the metitod of mercury penetration so that the measurirtg method may be explairted in fuB 
deteil in the example. 

[0017] fri the case of a corxluctive honeycomb structure object as an appfication of the 
honeycomb structive object of this invention, various heaters, such as a duct heater besides 
OPF. a heater for hot blast generating of a large-sized dryer and dso a apace heating appliance, 
a cooking appliance, a dryer machine, and a firing furnace, cen be raised. Moreover, the 
honeycomb structure objec^t of tWs invention can be used as catelyst support for emission gas 
purification ete. 

[0018] Since the amount of uptake of an inflammable particle increases and it becomes easy the 
to destroy by fire OPF which consisU of a nature honeycomb structure ^tjeet of dficon carbide 
of this invention, an erosion crack decreases sharply. DPF of this invention can be manufactured 
by ******{]ng) the honeycomb breakthrough of the honeycomb structure object of tNs invention 
in respect of the ends. About the ****** method it can carry out by the approach indicated by 
the above-mentioned advanced-techrwiogy referertce. the epproach indicated by the Japaneae- 
Patent- Application-No. No. 171080 [ seven to ] description concerning the same application as 
these people. 

[0019] Next, the manufacture approach of the honeycomb structure ot^ect of this invention is 

explained. 

[0020] It is the description for the manufacture approach of the honeycomb structure object of 
this invention to constitute a horwycon* configuration Plastic sdid with a conductive ingredient 
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to enerpze it to th« shaft orientations of the bottom of a non-oxidizing atmosphere and a 
honeycomb breakt>vou«h. and to ca/ry out heatinj sintenng. By performing energization sintering 
Bia tNs invention, it can sinter in a short time compared with the approach of performing h«at 
tracing sinterif«. And since a cell wsO carries out self-generation of heat and sintering advances 
by it by passb^ a current to the shaft orientations of a honeycomb breakthroua^. the crystal 
^mn cKM ne»- [ large ) the front face of free energy can make H able to sinter preferentially, 
and surface roughness of a cell wafl can be made coarse with the grain growth in that case. 
About the ariMent atmosphere at the time of sintering, by oxidation, the conductivity of e 
conductive incredier« needs to cvry out by non-osidzing atmospheres, such as nitrogen and an 
argoa so that there may be no 

[0021] Resistance [ n / m the honeycoinb configuration Ptastw solid which has the conductivity 
used by this mention / the room temperature ] is 10-1-102 especially lOOohms or less. What is 
omega b desirable and K becomes possUe by using such a Plastic solid to generate heat and 
wtter by the about [ number V-SOV ] low battery. If the construction material of a honeycomb 
confisurstion Plastic solid b illustrated, it wS be for example, titanium metal powder, mixed 
powder of carbon, etc wivch aro conductive ceramics, such as titanium caibide. tiUnium nitride, 
way-tzed titanium, and molybdenum tfsaicide. artd a precursor of those. Fivthermore. the nor>- 
cor«duetive ceranMCs can also be used, in order to perform energization sintering in that case. 
addHion of an electro-conductivity applying agent is needed, and • earlionsceous material is 
siffteble for it A carbonaceous material can control the porosity, the pore ffiameter. and surface 
roughness of a honeycomb structure obfoet by being able to remove easBy and atfiusting the 
addUon and pwi size by heat-treating by the oxidizing atmoaphere after sinterif«. In addition, 
as non-con d uctive ceramics, non-oxide system ceramics, such as oxide system ceramic*, for 
example, sifieon nitride, such as an alumina, cordierite. and a muKte. akimimium nitride, artd 
siEcon carbide, can be used, for example. 

[0022] Since the quaSty of sKcon cart»ide is the optimal as OPP even if it is in the constniction 
material of the above-mentioned honoyeomb conjuration Plastic soid. the manufacture 
approach of the nature honeycomb structure olgeet of sBeon carbide is explained in more deui 
hereafter. 

[0023] The nature honeycomb structure obiect of silicen carbide of tins invention can fabricate 
the mixture containing the specified quantity of sifieon carbide powder, silicon nitride powder, 
and a cartxmaceous material to the Plastic soU of a honeycomb configuration, artd can 
manufacture it by carrying out reaction sintering of it The advsntege of using such a horwyeomb 
conficuration Plastic soTid Resistance ( in / in this Plastic solid / a room temperature ] i« 10-1- 
102 especially lOOohms or less. Since it has the suitable cortductivity which is omega extent, 
energization sintering is possible. It becomes possirie to control the porosity ar>d pore diameter 
of a honeycomb structure otdeet by scfiusting th« addition and grain size of silicon carbide 
powder. Furtftermore, by conuolling development of the crystal vain cMId at the time of reaction 
sintering, it is being sble to make surface roughness coarse and, moreover, the uptake 
effectiveness of an inflammable particle can mamifactire OPF of high intensity veatly with such 
an advantage. 

[0024] Especially the mean particle diameter of the silicon carttide powder used by this invention 
has desirable 10-50 micrometers 50 micrometers or less. If smaller tftan 10 micrometers, the 
average pore dameter of a cell waO will become smaD. artd if SO mierometers is surpassed, 
reinforcement wilt ^D. Moreover, the particle size of silicon nitride powder has desirable SO 
rmcrometers or less especially 100 micrometers or less from the point of a moldability and 
carbonization reactivity. As a carbonaceous material, a phenol beside* free carbon, siich as 
cart>on black, acetylene black, and a graphite, a fu'an. the organic resin that carries out a 
pyrolysis like polyimide and serves as cartxjn are used. Especially the mean particle dameter of 
free carbon has desirable I micrometer or less 10 mierometers or less. 

[0025] The rates of each component of the mixture which consiste of siKeen carbide powder, 
silicon nitride powder, and a carbonaceous material are silicon nitride powder and a 
carboruceous material substantially [ 20 - 80 % of the weight of silicon carbide powder, and 80 - 
20 % of the weight of remainders ]. And it is the moic ratio (Si/C) for silicon of sifieon nitride 



powder and silicon nitride [as opposed to / rate / of a carbonaceous material / the carbon 
content of a carbonaceous material ]. It is desirable that it b 0.5-1.5. Silicon carbide powder wHI 
serve as the aggregate in reaction sinterirtg. if fewer than 20 % of the weight, reinforcement w3l 
faD. if 80 % of the weight is surpassed, resbtance of a honeycomb configuration Plastic sofid wSI 
become high. er>ergization sintering will beconw difBciA. ontt. moreover, the cfiameter of an open 
pore on the fr'ont face of a cell wait wiO become small. With the cart>on which remains on the 
other hand if a Si/C mole ratio is smaller than O.S. the grain growth of silicon carbide which 
cwries out carbonization generation b checked, and the average pore dbmeter of a ceO wsH 
b eco m e * small. Moreover, if a S*/C mole ratio b larger than 1.5. while the amount of ( w«hich was 
ger*erated by disassembly of silicon nitri<te ] urveacted siScon wO) increase ond reinforcement wffl 
Ml, when high-speed temperature-up heating b performed, the amount of urveacted silicon does 
mdtirQ and softerwig of. and it causes a sintering crock. 

[0028] Furthermore, in this invention, it b desirable in the above-mentioned mixture to permute 
some nficon nitride powder by oxidation silicon powder. By thb. it becomes easy to make the 
dbmeter of en open pore on the front face of a ceD waO large to 20 micrometers or more. And 
evvi if it does not perform energization heating sintering, the honeycomb structure ottfoct 
excettent in the upt^e effectiveness of an inflammable particle can be marufactured only by 
performing heat tracing sintering. 

[0027] Here, the rate of oxidation silicon powder b the silicon nitride powder 100. It is desirable 
that it b 5 ' 30 weight section to the weight section. The effectivef>ess whif:h makes the 
dbmeter of an open pore on the front face of a cell waO torge to 20 micrometers or more 
becomes scarce under in S weight sections. Moreover, if 30 weight sections ere exceeded, the 
porosity of s ceD waO wriU become hi|^ too much, rein fo r c ement w3l fsD. and in rapid 
temperstire-up bskir^. CO gas of a Urge quantity occurs rapidly by the reaction with a ' 
caitoortaceous material, and a entering crack happens. 

[0028] Moreover, as for the mean particb diameter of oxidation sXcon powder, it b desirable 
that it b 1 micrometer or less, and the effectiveness which enlarges the «fiameter of an open 
pore on the front face of a ceR waN by thb b promoted. That b. in this invention, although blend 
a bmder and water with the above-mentioned mixture, a kneacfirv oblMt b prepared, it b 
extruded with high voltege from metel mold and it b fabricated by the Plastic sofid of a 
honeycomb configuratiort. the kneading object which passes through s metel mold front face has 
the property which is going to ease friction virith metal moM and fluid high impalpable powder 
sepegates in that case. In tMs invention, use thb property and oxidation siScon powder with a 
mean particle dameter of 1 micrometer or less b made to sevegato near the mD waH front 
face, by making it and a carbonaceous material react preferentially in the case of baking, CO gas 
b generated and ttte diameter.of an open pore on the front face of a oeO wall can be er^arged by 
it 

[0029] Setting in the mode which uses the mixture permuted by oxidation sXeon powder in some • 
siBcon nitride powder Hie thb invention, tfte rate of a carbonaceous msterial b a mole ratio 
(Si/C) for aB silicwi in silicon rutride powder and oxidation sXcon powder to the carbon content ■ 
of thb carbonaceous material It b desirable to cortsider as the rate used as 0.5-1.5. 
[0030] V atSustment of mixture is an approach mixabte to homogeneity, such as dry type and wet 
blendng. it b employable by any approacK In order to carry out extrusion mokfing of the mixture, 
organic binders, such s* a swtebb quantity of water, and methyl ceHulose. polyvinyl alcohol, are 
blended with mixtire. and a knea(fr« obiect b prepared. 

[0031] Subsequently, extrusion nwlding of the kneatSng etuect b carried out to the honeycomb 
Plastb sofid of a request configuration, and heating sintering b usually fMrried out through 
desiccation and a ****** process. Heating sintering b carried out to the shaft orientetions of a 
honeycomb breakthrough by energisng direetly under non-oxiifizing atmoapheres. sudt a* 
nitregen and an argort. However, although it b desirable, you can maka it not itecessarily sinter 
enerpzstion heating also by not being required artd petfomiing tfw conventional heat tracing, in 
using the mixture permuted by oxidation *%con powder in some sXcon rotride powder. 
[003^ Energization heating b the ends side of a horteycemb configuration Ptostic sofid 2O-50Qg 
C/cm ] planar pressure to the electrode of couples, such a* carbon. sBioon carbide, molybflenum 
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dbificide. and a metal. 2 It b csrrbd out after carrying out a presser-foot set bi tMs case, in 
order to lessen contact resbtance in the contect surface of a honeycomb configuration Ptostic 
sofid and an electrode, it b desirable to make a smsll reactent conductive fiber and reaetant 
smsN powder with a honeycomb configuration Ptostic sofid intervene. Moreover, in order to 
suppress that heat emite from a honeycomb configiration Ptostic solid in the case of 
energization heating sintering, it b desirabto to insulate the side face of a honeycomb 
configuration Ptostic soUd with the graphite board the heat shieldirtg effect excelled ( board ] in 
thermal reflection 'greatly- 

[0033] As for cspecblly burning temperature, it b desirabto that it b 1800 degrees C - 2S00 
degree* C 1600 degrees C or more. Since siUcon rritride and a carbonaceous material with a 
burning temperature unreacted at less than 1600 degrees C remaia thermal resistenee will CaU, 
and v*in growth of sBbon carbide will also serve as imperfectioa and the dbmeter of an open 
pore on the surface roughness of a cell wall or the front face of a ceH waU wilt not fully increase. 
On the other hsnd, if burning temperature surpasses 2500 degrees C. crystel transition, meltirig, 
eto. wai arba and reinforcement wrill faD with extreme pain growth. 

[0034] In thb invention, in case heating sintering of the honeycomb configuration Ptostic sofid b 
carried out as shown in j ^■ awi ng 1 . it b desirabto to perform heat tracing at a side heater from 
the side face of a honeycomb configuration Ptostic solid fiirther with the above-mentiorted 
energization heating. Heat tracing is performed. whOe it b desir«ble to carry out so that the 
temperature graiSent of the outeide surface of a honeycomb configuration Ptostic sofid and a 
»de heater may become toss than **10%. especbly less than **5% and it acSuste the supply 
voltage to an electrode and/or a side heater to it Since it becomes possMe to be abto to 
control heat dbsipstion of a horteycomb configuration Ptostic sofid efficiently, and to heat by 
uniform temperature dstribution by such heat tracing, even if it performs high-speed 
tempersture-up heating, it b homogeneous sr>d a honeycomb structure object wnthout s crack or 
an ero»on can be manuNctured eas9y. 

[0035] Since the corwerrtionsi nature honeycomb structure object of sifieon carbide sinters the 
mixture of sifieon carbide powder itself or sifieon car^icto powder and sinterirtg acid and is 
manufectured, the diameter of an open pore on a firont toce of a ceH wall Kke thb invention and 
the thing with surface roughness do rtot befwme. 

[0036] Next the heating apparatus of this invention b explained. In case the heating apparatus 
of this invention uses together ertergization heating and the heat tracing at a side heater and 
heat-treate a processed materbl. it is used, and when it b the honeycomb configuration Ptostic 
solid with which the processed material was fabricated with the conductive ingredient it can 
manufacture the honeycomb structure object of this invention. 

[0037] The heating apparatus of this invention is explained according to drawnng.1 . The 
electrode of a covple which ^awmS J ■* appro limate account drawirtg of the heating apparatus 
of tlus invention, and consists of the up electrode (3) and kmer etoctrode (4) for energizing 
directly in a heat-trestment room (1) at a processed material (2). The side heater (10) for 
carrying out heat tracing of the above-mentiorted processed materbl from the side face b 
arranged, the electrode and side heater of thb couple — each supply-voltage conUol unit — 
[ (5-9) — it corvtects with ] (1 1-15). and the above-mentioned toWter electrode means going up 
ar>d down with an electrode lifting device (16). 

[0036] It is set to a lower electrode and a lower electrode goes up with electrode lifting devices 
(16). such as pneumatic pressure and an oil pressure controller, the upper bed side of a 
processed material is forced on a processed material by the up etoctrode. and h energizes it It 
is measured with a temperature measurement meter (6) through a sight txAa (5). an automatic 
controller (7) operates based on it the output of PtO control is supplied to a control circuit as a 
command vakie signal, the temperature of a processed materbl is controlled so that the output 
of a thyristor (8) is in agreement with the command vakie signal, and it is energized to a 
processed materbl through the transformer for electrical-potentbKdtfference currerrt 
adKistment (9). 

[0039] On the other hand, the side heater is formed near the side- attachment -wall section of a 
processed msterial, and the temperature is measured with a temperature measurement meter 



(12) through a sight tube (11). And like the case of the temperature control of the above- 
mentiorwd processed materbl. an automatic controller (13) operates based on the thermometry 
vakie. and the output of PIO control b supplied to a c o n trol circwt as a command vakie s^naL it 
b controlled so that the output of a thyristor (14) b in agreement with the command vakie 
signal, and it energizes at a side heater through the transformer for electrical-potenrtiaH 
(Sfference curent adiustment (15). 

[0040] Thus, even if it can control heat dissipation of a processed materbl efficiently and 
performs lugh-speed temperature-up heating by performing heat tracing according a processed 
material to energization heating and a side heater, it becomes possbto to heat by uniform 
temperature distribution. Moreover, sirwe each supply-voltoge control unit of the electrode of a 
coupto and a side heater is designed based on change of the heat release according to the 
configuration of a processed material, and temperature-up change of the 

resistance/temperature characteristic according to tfte compon en t of a processed material ao 
that it can heat by urwform temperature dbtributiorv K can control a programminc rate and the 
heating processing time to a precision, artd can be heat-treated in the cor>cStion of havirig been 
stabBized firom begirwung to ertd. 

[0041] Although conductive ingredients, such as cartxm, silicon carbide, molybdenum disificide, 
and a metal, can be used about the construction materbl of an iv etoctrode and a lower 
electrode, in onler to control gerteration of heat of the polar zorte. it is more desirabto than a 
processed materbl to entorge heat capacity. 

[004^ Aa for a side heater, it b desirabto to install in parallel to the side attachment waH of a 
processed' materbl, and it b desirabto to instell in toss than 50mm. especially less than 20Rwn . 
from the sifto attechment wall of a processed material. Moreover, about the configuration of a 
side heater, the configuration which can diffuse heat on the side attechment waH of a processed 
material Kke the shape of a cylinder and a fieM at homogeneity b desirabto. It b desirabto to 
instafi from the point of horrtogeneity heating "nd the pow er consumption of s side heater. 
espedaDy. using a fieM-fike side heater, so thet the side atta ch me nt waD of a processed material 
may be surrounded thoroughly. 

[(X>43] Although heating elements, such as carbon, silicon carbide, molybdenum d bifici d e . artd a 
metal, can be used about the construction material of a side heater, in order that power 
consumption may tossen srtd may make a prov*n»nini rate quidk the carbon shaping board of 
heat capacity, the retotive density 1 with a smaP change of resistanee/tamperature 
charactaristic - 2 g/cm3 is the optimal 
[0044] 

[Exampto] Hereafter, an example, the exampto of a comparison, and the exampto of reference are 
given, and this invention is explained still more concretely. 

[004$| (An exampto 1 - examples 1-3 of 3 comparbon) This example b an exampto which 
performed energization heating sirtterir^ and manufactured the nature honeycomb structure 
otgeet of an akwnina. 

[0046] To the mixture 100 weight section made into the rate which shows akjmina powder (mean 
particto ifiameter of 30 micrometers), and graphite 'powder (mean particto diameter of ICKISO 
micrometers) in s tebto 1, the methyl ceBulose 8 weight section was blended as the water 20 
weight section mnd a binder, it mixed for 10 mamte* with the Hertschel mixer, and the kneadmg 
obieet was prepared. 

[0047] Subsequently, a vacuum extrudirtg press machine b used for thb kneading object and it 
is the compacting pressure f>f 80kg/em2. On condkions, after carrying out extruvon moMng to 
outer-diameter dimension ** 100mm. the eel (SmcnMon of 2.0m(n. and the honeycomb 
configuration of 0.4mm of waH thickness, it cut in die ler^th of KNknm. Among [ after drying the 
acquired honeycomb configuration Ptostic solid ] mtrogen-gas-atmosphere mirMl. alter 
performing cleaning of 450 degree-CxIHr. enerpzation heating nnterins was carried out 
[0048] Energization heating sintering is the ends of the breakthrough of a honeycomb 
configuration Plastic sofid at a cart>on electrode 100 g/offl2 Temperature up was carried out to 
the witering temperature which show* pre8*er-foot shaft orientetions by the pressure, and 
shows the current of a maximum of 2000 A in a tabto I with the programming rate of SO degrees 
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C / min among a sink and nitrogen-cas-atinoftphere mind, and it carried fiut by hot<fint for 2 
minute*. The obuined siniered compact made the graphite «»hich performs oxidation treatment 
of SOOxSHr among atmospheric air. and remains bumed down, and manufactured the honeycomb 
structure object. 

[0049] In »d(Stion. the exanripte 2 of * comparison carries out sink energization sintering for a 
current to the shaft of s honeycomb breakthrough perperxliculaHy. and the example 3 of a 
con>p»Hson insUUs the cleaning ot^ct of a honeycomb configuration Plastic solid in grapNte 
crucble. and it heats ophite crucMe at a high-frequency-inductioo-heatinf furnace with the 
programmirtg rate of 10 degrees C / min among argon atmosphere. 
[0050] 
[A table 1] 
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[0051] The property of following tfte after-mentior>ed was measured about the acquired 
honeycomb stnicture ottfect. However. sirx:e the shape of tab4e plamnty of the porosity watt 
surface to the energization drection difTered greatly about the example 2 of a comparison, 
assessment of pressure loss, the particle uptake engine performance, and strface roughness was 
performed about the paraNel side and the vertical plar>e to the energization direction, and it was 
equalized. Those results are shown in a taUe 2. 
[0052] 
[A table 2] 
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[0053] It becomes the quality DPF of an alumina escenent in the uptake engine performance of 
wi inflammable particle by setting surface roughrMss (Rz) of the cell waO of a honeycomb 
structure object to 30 micrometers or more so that dearly from a table 2. 
[0054] (An example 4 • examples 4-8 of 12 comparison} This example is an example whidi 
performed energization heating sinteriiig and manufactured the nature honeycomb structure 
obiect of silicon carbide. 

[0055] it is an example except having carried out temperature up at the rate of 50 degrees C / 
min to the watering temperature which uses the mixture made irtto the rate which shows slicon 
carbide powder (30 mtcrometers of mean diameters), silicon nitride powder (25 micrometers of 
rrwan diameters), and carbon black (8&wn of mean diameters) in a table 3. and is shown in a 
table 3. The honeycomb structure object was manufactired like 1. In adifition. the example 7 of a 
con^srison carries out sink energization sinterir>g for a lajrrent to the shaft of a honeycfvnb 
breakthrough perpendicularly Idie the example 2 of a comparison, and sinters the example 8 of a 
comparison at a high-frequency-induc t ion- h ea ting ftjmaco like the example 3 of a comparison. 
Moreover, the same approach as the example 2 of s comparison estimated the property of the 
example 7 of a comparison. TYwtse results are shown in a table 4. 
[0O56] 
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[00S8] K becomes the quality OPF of silicon carbide excellent in the uptake engine performance 
of an inflammable particle by setting surface roughness (Rz) of the cell wall of a honeycomb 
structure object to 30 micrometers or more so that clearty from a table 3 - a table 4. 
[0059] (Examples 13-15} This example is an example which performed energization heating 
sintering Tike examples 4-12, and marKifactured the nature honeycomb structure object of silicon 
carbide. However, a different point from examples 4-12 b having used the mixture which 
transposed some silicon nitride powder to oxidation siKcon powder. 

[0O60] The honeycomb structure object was manufactured and evaluated like the example 5 
except having used the mixture which transposed some silicon nitride powder to oxidation silicon 
powder (mean particle diameter of 0.5 micrometers) variously SS shown in a table 5. 
[0061] 
(A table 5] 
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[0063] The tfameter of an open pore in a cell wall front Kaee can be set to 20 micrometers or 
more, without reducirtg the surface roughrtess of a cell wall by using the mixture which permuted 
some sificon rutride powder by a suitable quantity of oxidation silicon powder so that dearly from 
a table S - a table 6. Consequently, the quality DPF of silicon carbide which was excellent in the 
uptake engine performance of an infl a mmable partide much more can be manufactured. 
[0064] (Exarr^iles 16-19) This example is an example wMch performed heat tracing at the side 
heater from the side face using the heating apparatus shown in drawang l in the honeycomb 
configuration PlastJC soGd manufactured in the example 5 and the example 14 while p er f orwwr^g 
ef>ergization heatirtg sintering, and manufiactured the nature honeycomb structure olvect of 
silicon carbtde. 

[(XI65] After having manufactured the honeycomb configuration Plastic so6d. ch^ing and 
decreasing iSie an example 5 and an example U. it was set to the electrode made from carbon of 
a couple, under nitrogenr-gas-atmosphere mind, «Mle perfemwtg energization heating sintering 
on the coitions shown in a table 7. the «de heater pe r for m ed heat tracing from the side face, 
and the honeycomb structure ot^ct was marHifiwtured h carried out by havir^ repeated such 
actuation, ten honeycomb structure ol^ects were manufactured respectively, and the crack 
incidertce rate (\) and the internal erosion incidence rate <%) were measured. 
[(X)66] Furthermore, in order to evaluate the homogeneity of the acquired honeycomb structure 
otvect. what sampled what was sampled from the inner surface 30mm or more from parU other 
than the sample for internal assessment end the above was made into the sample for external 
assessment from writhin the imits of SCHIOOmm and the side-attachment-waB section from a 
honeycomb end face, and many properties were evaktfted. Those results are shown in a table 7. 
[006T) 
(A table 7] 
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[0068] As showm m • table 7. by using ener|ization halting snd heat tracinj tosether shows that 
the manufactured honeycomb stnicttre oldect become homogeneous in the internal exterior 
compared vvith the ease (an example 5. example 14} where (examples 16-19) and concomitant 
use of those are not performed. And the homof eneous honeyconA structure object with which 
generating of a crack etc is not accepted even if it performs high-speed temperature-up heating 
was able to be manufactured. 

[0069] (Example of reference) In the example 5. although the crack incidence rate was 10% when 
the programming rate of a honeycomb conRguration Plastic solid was sped up from 50 degrees 
C / min to 80 degrees C / min. the property of a honeycomb structure object without crack 
initiation was equivalent to the example 5. 

[0070] (An example 20 - exanwles 9-16 of 30 comparisorO This example is art example which 
manufectured the natu-e honeycomb structure otiiect of sXeon carbide using the mixture which 
permuted some silicon nitride powder by oxidation silicon powder Kke examples 13-15. However, 
a different poant from examples 13-15 is having nhtered this example only by heat tracing 
without performing ener^zation heating sintering then. 

[0071] The mixture made into the rate which shows siKcon carbide powder (mean particle 
dameter of 10 micrometers), silicon nitride powder (mean particle diameter of 45 micrometers), 
the oxidation sSicon powder that has the mean particle diameter of a table 8. and graphite 
powder (mean particle diameter of 10 micrometers) in a table 8 was used, and the horteycomb 
configuration Plastic soGd was manufaetired. and it dried, and dev^ased, and it has been 
arranged to graphite cnidble. under nitrogen-gas-atmosphere mind, temperature up was carried 
out to the temperature shown in a table 8 at the rate of 10 degrees C / min at a high- 
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frequertcy-inductiorr'heating furnace, arul the nature honeycomb structure obiect of saicon 

cartMde be manufactured. These results are shown in a table 9. 

(007^ 

A table 83 



»(t «it «<t 

9B ax B« 



m(ta 

XC9 



• itasics 
aaacMT 
«afta« 
(>•■) 



10. 0 

20. a 

20. 0 

20.0 
S.0 
30.9 
29.9 
23.0 
lXt> 
2».0 



49.0 
M.O 
».0 
29.0 



[0073] 

(A table 9] 



li/c 
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20.1 
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21.3 
la.T 
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24.1 
29.9 
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11.9 



29.9 
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39. 1 
30.9 
45. t 
31.3 
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11.9 
30.9 
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it«a 



2S.S 
31.2 
29.9 
33.3 
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a. 3 

32.3 
33.3 
44. S 



99.3 ; 11.5 
39. > 13. t 
31. T 



10. 1 
IS. I 
19.4 



14.9 I99.T . L3 
:a.3 3B.I 1 9.9 



<B: ttani XAC^ltKMI 4Ttttt««««lt-tK. ) 

[0074] Even if it does not perform energization heating sintering by using the mixture which 
permuted some silicon nitride powder by a suitable quantity of oxidation silicon powder so that 
clearly from a table 8 - s Ubie 9. the <Sameter of an open pore in a cell wall front face can 
manufecture the quaEty OPF of NKcon carbide excellent in the uptake engine performance of an 
inflammable particle which is 20 mierooMters or more by carrying out heat tracing sintering. 
[0075] Each property of a publication is measured by this description according to the followring. 

(1) Porosity of a ceH wal : it measured by the Archimedes method. 

(2) diameter [ on the front face of a cefl waR ] of open pore: — the pore section which observed 
the ceH wsB front face with the scanning electron microscope, and was formed in a siKcon 
carbide particle and iU gap — image analysis — two shifts — it -izing-processed and dimension 
analysis was carried out on the eoncfitions assumed that pore is circular, and the vakw which 
equalized each diameter was measured and it considered as the diameter of an open pore on the 
front face of a cell waH 

(3) The average pore diameter of a cell wall : pore dimeter distribution was measured with the 
metftod of mercury penetratiort. it assumed that pore was a cyKndrieal shape, and the average of 
the path for which k asked by carrying out division of the total pore vohime with pore spedfic 
surface area was made into the average pore diameter of a cell waN. 

(4) Surface rou^ess of a cell waH (Rz) : B According to 0601. the honeycomb breakthrough 
of artMtration was chosen, surfeee roughness was measured covering die length of 4lknm to the 
shaft orientations of this breakthrough, and it was converted into the vakte with a criteria die 

(5) Particle uptake engine performance : some cell walls (outer-dwneter <fimension **20mmx 
thickness of 0.4mm) were cut down from the horwycomb structure object, the air of 21. / min 
was passed, and early pressure loss waa measured. Moreover, the carbon sKirry of S% of solid 
content corUeniration was applied to the cell wall, and carbon alimenUtion until it passes the sir 
of 21. / min and pressure loss reaches 200mmHg(s) wss measured after desiccation. 
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(6) Reinforcement of a honeycomb structure object : the honeycomb structure object was cut in 
outer-diameter dimension *«10nimx die length of 10mm. and the compressive strength in tfie 
drection of ertrusion (shaft orientations of « honeycomb breakthrough) was measured by 
crosshead rate 0.5 mm/min. 

(7) Specific resistance of a hor>eycomb structure object : the honeycomb structure obioot was 
cut in outer>diameter <finr>ension tOmmx die length of SOmm. the sBver electrode was formed, 
and it measured by 4 terminal method. 

(8) The presentation of a honeycomb structure object : the X diffraction was performed and the 
qualitative component analysis was performed from the peak intensity. 

(9) Resistance of a honeycomb configuration Plastic solid : the silver paste was baked on the 
ends of the direction of extrusion, and the room temperature clectrieal potential differevtce in 
0.1A constant current was measured by the multimeter. 

[0076] 

[Effect of the Invention] 

(9 Since the horveycomb structure object of this invention makes surface roughness of a cell wall 
coarse to 30 micrometers or more, the uptake area of an inflammable particle becomes brge. 
(ii) Since the honeycomb structure ol^ect of this invention sets the diameter [ in / fior the 
surface roughness of a cell wall / 30 micrometers or more ar>d a cell wall front face ] of an open 
pore to 20 micrometers or more, it can lengthen time amount until the uptake effectiverwss of 
an inflammable particle is excellent much more and starts blindng. 

Cm) Since DPF of this invention consists of honeycomb structure objects excellent in the uptake 
effectiveness of an inflarrwnable particle, it does not need to be reproduced frequently and. 
moreover, becomes miniaturizable. 

(iv) Since DPF of this invention consists of nature ceramics of siUcon carbide, it is excellent in 
thermal resistance, and it is hard to generate thermal stress cracking by the erosion crack and 
thermo cycle at the time of playback. 

(v) According to the manufacture approach of the honeycomb structure object of this invention, 
the honeycomb structure object excellent in the upt^e effectiveness of an inflammable particle 
can be ntanufaetured with sufficient pro<k*ctivity. 

(vi) By using together energization heating and the heat tracing at a side heater, and s'vitering a 
honeycomb configuration Plastic sofid again, even if it performs rapid temperature-up heating, a 
more homogeneous honeycomb structure object can be manufactured. 

(vS) Accorifing to the heating apparatus of this invention, setting out of heating cortditions is 
easy and the equipment which can heat-treat a processed material to homogeneity is offered. 
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[Brief Description of tfte Drawmct] 

[ Qrawin K 1] It is the approximate accoiait Fit. of tfw heatinc apparatus of this invention. 
[Description of Notations] 

1 Heat-treatment Room 

2 Processed Material 

3 Up Electrode 

4 Lower Electrode 

5 Sight Tube 

6 Temperature Measurement Meter 

7 Automatic ControNer 
B Thyristor 

9 Transformer 

10 Side Heater 

11 Sight Tube 

12 Temperature Measurement Mater 

13 Automatic ControDer 

14 Thyristor 

15 Transformer 

16 Elecvode Uftinc Devico 
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Abstract of JP1 005261 8 

PROBLEM TO BE SOLVED: To provide a 
honeycomb structure with high collecting 
effects on a fine combustible particle, 
especially to provide a diesel particulate filter. 
SOLUTION: This honeycomb structure has the 
surface roughness of a cell wall surface of 
30&mu m or more in terms of 10-point mean 
roughness (Rz). The diesel particulate filter is 
constituted of this honeycomb structure. In 
addition, the heating device comprises a pair 
of electrodes 3, 4 for energizing a material to 
be treated 2 and a side heater 10 for heating 
the material externally on the lateral faces of 
the paired electrodes 3, 4, arranged in a 
thermally treating chamber The paired 
electrodes 3, 4 and the side heater 10 are 
connected to their own power supply control 
devices, respectively. 
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LXitk K C r . N i m<D^m. m.itl^. ^{t 

A^^ h^O-fe'S'S Al, O, /Fe. A 
1, O, /N i . B. C/F e^CDI^--^ hr^-So 

[0012] ^:^HJCD>'^::.:0A^iS^*CC4dCiT. -fe^UII 
(DSroiSil O.'^.^l^fflS (Rz) r3 0^imt(±» 
$U<1*4 0--3 0 0 AtmiL/cOW. -teJU^CDSMffl 

^«'oij^^.^s&3a^<Dfflais<hs«tcr^^ur*>o. 30 

C>;e^^3SS«:^SL3 0 0 m mtiTri^C <!:;&^Jf * 1/ 

Ci. . 50 



[0013] :*^0JCCfcU-C«. ±fS^®fI§^Wr^ 

m7L<DPgpgPtc4c5t:t^;*C^^3J^5 2 0 amtt±#^2 0'- 
?LS3{>$2 0 A£m*?SS'r*^>i. pJfiSttae^ttT^-/ — fe' 

[0014] i^scl^lSTl^^ -fe^HgafflCOPatlTLaitt. 
[0015] :^:#£B«CD>'^:^;t^Atg^^*(C4c5C^r(i. 

«:Sij|S«&t^. L/J&^U. •feJHlc!:)m7L^«:o(,^r«4 0 

%jy±*#«: 5 0 --7 0 yotm"^ U < . ^/c^i^MtLSCC 
OCiT{*l 0'-'4 0 Mmr^^CiJ&^Jf^Ol^o •fe>'Hg 

coajL^j^^ 4 0 yo^^x\^m^mKtm< uk). itci 

[0016] *a0JCC^ot:f ^-fe;H*(D¥i^^7L@i«. 

[0017] ^:^0^(Dv^^;^7A^git(*(Dffl^iL'^{i. 
2l1itt>^>-:^:^A:miti*01t^CC(J. D P F Offe. h 

[0018] ^^m(Dmitimm^^:^:^^^&i^^^hrj: 

PF«. ^:#£0JO>'^^;^A^ii^*<D>'^^;^Aail?L^-e 

(DMSffi-c c -r ^ c t cc <^ o -cMsr 4 c i ^^^r * 

$ti/c:&ffi'ti>. *tBMA<tf^-<D{±iMtc«^'^1^^I¥7 - 

17 10 8 o-^BS*iScciat£$n/c:&ffi^cc<fcr>r?f ^ 

[0019] ;5CCC. *:|%?8<D>'N^;^A«Jg«:Olijg:^ffi 
[0020] :$:f£B«0>'^^:^ A<«3Ii*CDSS3i:?i£«. ^ 



7 

:^f^ ^cma£=§r iJfe-r C <!: CC <fc o -C -fe JUlT&i @ Hl%^.* u . 

[002 1 ] *^ajr^2n'2>^mtt^wr ^>'>^;t^ 

AJ^t^C^Jfjmi. ^(omUdCi^^'f^l&Vi^^ 1 0 0 QfeiT 
1$CC1 O-*--! 0' Qr*2>fe<D*^»*L< . ^CD<^^ 

J'jr^SJf^f^^ffil^ C <b CCct o riS V - 5 0 V flgcDfim 

mxmMmr c <b cc j: ^ x^^dc^^-f ^ctt^x 
i>. DPF tox{mmmm^^MMx$>^(ox\ u 

[0 02 3] ^:^BJCD^^bIi^^>'^^:^7 Atgigi*«. ^ 
^tj:J^:^ti2.1[imMm^^'thCt<Om^U. CO 40 

10' Q^^m.om^tmw^^M'fhfc^^mmm^i)^ 

3KLTO|fe^?:$iJffllT ^ C i CC J: o r ^ffifl 3 «:ffl < T 5 

mm'i-(omm:nm^ifii^^ < u^^^^^sod p f 
[0024] :^mnx^^tihm\t^^^^<^^^^ 50 
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0. 5 0Mm?:CA^i^S:?&^fi;TTS. */c. M^tS 
^ta^OD^Sli. ;3EJf514RCf^^tJStEttO,^>6 1 0 0 
/imJyT15^5 0 MmJ^TA^St* bl^o mMm^Wt b 

m.nmM(O^^WM-X 1 0 M mtlTISCC 1 u mtlT 

[0025] muimm^. mmm^^^vmmnm 

--8 0 MSU 8 0 2 0 *a%:05JIHWtC^>fb^ 

-r-S^^b^^CDS^^^^O-tMb ( S i /C ) 0 . 5 - 

1. bxhhctffimt,v^>. mmmmm-x. mst^m 

^t^i6\i^l>^ntU^i^<DX. 2 OfiS%cfcDii>3^j:C^<!: 
?Sg2&^i5TL. 8 0mS%^C:^'2><i:>'N^:^?AJfJt^jSJf^ 

ifio. 5J:0 4>/h3c>i]^??-r^^cCcJ:or^>fb^^j5c; 
^^j^{bsm(Df4;?£S3&spi^S nr-fe^i/Mo^i^^JLS 

*VJ\3<fd:-5>. S/c. Si/C^;Ht*5 1. 5<fc0*>;^ 
[0 02 6] 5ECC*B?8CC*si^-C«. iiBjg-^OCiJCi 

X. mitmmm^^(o-^^WAmsmn^mSk'^tix\.> 
[0 02 7 ] ccr. mtimm^(om^\t. 

«}^100 fiSSPfC*tur5'-3 0SSS5"C*€>Ci^W 
*LCio 5Ma5*?^^'{i'fe;m^M<Dgaa?LS^2 0 
Mmia±K::Ac#<T-2>jam;^>^^U<>a:^o 3om 

[ 0 0 2 8 ] S/c. S^^bS^*9*CD¥*&aa« 1 /im« 

'rxhhcti)mi^i^<. cnccj:or-fe;Hl^ffi(Di^ 



(6) 

9 

[0029] *^IB©J:5CC. ^-ftS^*©— 

t/. mitmmi8^i/mimMf^^'p<o±mm^(0'f:)\^ lo 

Jt(Si/C)««0. 5~1. Stfe^SS^i-rSCi 
C 0 0 3 0 ] ig-^©iiSS«, SSil^^©!^— 

[003 1 ] •x\<^'c. w^M-mwe-wo^^^-ij i^'^^ 
#HSIT. >'^::-*A®3i?L0^4:fr|SJ«:i£gii«l/-c^Tto 

^ C i tc J; -p-r fcfS^S S C i *it? # -2). 

[0032] jimj)nia»v *-*f>. ^^bS^. S^b* 

P^E^ffil3E2 0~5 0 0B/cm' -CJ¥3x.-b --f 

<!:©«M®K:*sW^SMiSlA4ii>^c<-r^.;rc&{c, 30 
* AJ&Kfi£Jgtti©SJ*itt©/h$ T ■< f^-^ 

©Ktc. />^*AJgt«:fi3yei**>6ia*5]Kili-r2>©?r}IP^ 

K^-c^N-*A^t*iRwe«^©<i'M=&»a»-r4c 

[0033] iggfiXaSt*. 1 6 0 0-C«±!^tC 1800 
•C~2 5 0 0'C-C*5Ci*5j|?s 6 

0 0 -c^is-ctt. ^mB(ommmEi.umMWSimfi^ 
S*5+^tcJt:^U^c< ^c€>. — M^se*i2 5 0 0 

[0034] 2^^BStC*Jl»-Cli. /^-*Afl$tfv^Jf$^*?r 
iStC. J|«:^^^*Ajmitfi£?fJl*©W®*>61f-f Kt- 
«. >'^^*AJ^Jt^ff^»©^1^a®<!:■9■-^ K t-3»-t© 

jag^*i ± 1 0 YoW^^IX. ± 5 tc^c -5 J: ^ Ktf ^ 50 
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— ^©«^Sm:^=&l)i5iU^c*i^^f^^n•&. C©J:^J&:i^ 

gPttll^iCi-^r. >'^-*A?^fiW&^*©&|^.^3a^J;< 

^'^^©^tt»-'^-* A^ji«j4gaK:iJjjt-r€> c 
[003 5] ee*©^^hJi^M^N-*Atgi»i*{i. j^^b 

1}}^«lE^Ur^)t3tifc«>©-C*4©-C. *^BJ©J:^ 
^c-feJi-M^SCPimataBfflS r> fc©i 

[003 6] '^«C. *#|B^©J]P^^gCCOt,>-CUiBj-r 

n/c-'^^* AJBt^^Jg^rc*^>^s^«:2f:%BJ<D/^^* A 

[003 7 ] ^^BJCDMa^g^rS 1 «cfie-5-cift?gr 
•5. 01 «*^BJ©DDS^JIia©«K3i?B0-C*>») . JnH* 
MilM ( 1 ) F«3(C. IS^aSia ( 2 ) tCitgjimf Sfc* 
©±gpm^ (3) J^C/TSBUS (4) A^P.^t^— >^©1g 

St. ±ieijy!as«5^:-?-©M*^e>j'fsi5J3Qf^-r-5/ci!t)© 

Kt-d»- < 1 0) «!:*Ji2a3*at:*50. C©— *f 

©usitf-r Ft-:f-(i-en-en©«*sm;bfijffli^s 
((5~9). ( 1 i~i 5) D tcsMsnrfc*). ± 
i2TSPme«^e^KJSs ( i b) «:j:o^i^r-5.ct 

[0038] WteS^atiTSPtiffitCHz h 

IE. ^EE^mcommnmks. < i e) tcjiOTSP^fis** 

ii^^tis. «sflS4?)©sewaiJS'g (5) ^mcxm 
Sit (6) icj:-:>xmMs*i. ■^tx^htici'xmm^ 

(7) ifi{^WjL. P I D*iJSP©Ul**s*g'&fiHt-^<!:U-C 

nmmmc&Mcitx. V-f'):^i> (8) ©UJ;b*5^©Jg 

(9) ^rigrtiSifflaiiatcjissni. 

[003 9] —y;. 1^ K t - ^ -ti. KMSiB3©ffliJ^ 

gpi5^«:^w6n-c*i«j. •e©ss«aijaif <i i) * 
mcxmu^ (I z) K:j:o-r»i5£sn-2). -e-ur. ± 

iEl*Ma!t?3©SSSW©tS^<t l^lifC L/-C . -?-©SgSiJ 
^fii?:titCL/-Ciigpit (13) i>mmL. P I DSlJiSl 

omtm^i^^mm^i^cxmmm^i^m&^in, v-i'j 

7.^ (14) ©Ul:^j*i-e-©}g^ii(i^{c-Sc-r4J:5«: 
$ija>$n. mBEmf^LiaMffl ( i 5 ) ?rg-c-t>--f- 

[ 0 0 4 0 ] C©J: ^(C. tSyiaB|iB5=fejiS»Q«ii1f K 
b - if - «: J: -2. J'f SPJra^^.^tT ^ C i tc -c iS^aS!^© 



[004 1 ] ±gpm@sc/Tgp«eottW(cociT«. 

[0 04 2 ] -t^^r Kt-^-«. tSAiiS!B3<Dl9JMCC*fU 
Lt^o ^/c. t^-^ Kb-^-cDSt^ccoc^rtiv niX. 

[0044] 
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* [0045] (lltfifiail-3 ttMmi--3) ^miit. 

[0 04 6] TJU5:^f»^ (^i^^BSS 0 // m) illiS 
(^i^jfiiS 1 0 - 1 5 0 Mm) ^«1 CC7ST*!l^i 
L/cili&!B5l 0 OfiSSCiC^Hy. 7k2 0fifiSP. 

[004 7] ^^CC^r . C<Dif^ia>&X^J¥tli^^^ffl 
C\ ^JE:tJ8 0kg/cin^ (D^ffr. Jl-S^rffin 1 
00mm. -l2JU^^2. 0mm. 11*0. 4mm<Z>-'^^ 
/7A?f$t*tCjfaifiSJgUT*^e>. S$ 1 0 OmmtC^^rL 

4 5 0 •cx 1 H r ©jKifli^?T-:>r*>e>5im»nsa«EM 

[0048] amsn^^j^fci. A?fji*^Ji*(D« 
mii(omm^tj-:^>mmv i o o g/c m* (DE^t? 

»?x.#75'[^CC^2 0 0 0A(D^S£^fifeL/^^#ffl 
5 0 -C/m i n cO^-^^lSr^ 1 (^7jk^Mi^U& 

n/cg£*£<*«. 9 0 0 X 3 H r <5[>^<bMS^?f 

[0 04 9] /x*>\ tb®WI2«. >'^^:^Aaii?LcDlA«: 

SSL. TJl/=f>#fflm43. 1 0*C/m i nCD^SiiS 
[0050] 

imi] 





ig^« (28%) 


(Q) 


rc) 






m 


1 

2 
3 


70 
60 
50 


30 
40 
50 


2.5 
0.5 
0.1 


1650 
1650 
1650 


it 


1 


100 


0 


>l(f 




«t 


2 


60 


40 


0.5 


1650 


w 


3 


60 


40 


0.5 


1650 



[005 1 ] ft 6n/i:v>-*A^^«:«:oi,»r. f^«: 



(0052] 
Ca2] 



1 



(8) 



13 



it^Pg^l 0-52 6 1 8 
14 

















(«) 




Rz 


(mraHg) 




(MPa) 


( Q • cm) 


m 
m 


I 

2 
3 


52 
63 
74 


16 
18 

22 


38 
45 
58 


65 
59 
48 


30 
39 
57 


2.8 
2.1 
1.8 


>I0' 
>10' 


it 
m 


1 

2 
3 


59 
62 


16 
18 


25 
8 


62 
73 


19 
17 


0.7 
1.4 


>10» 
>10' 



[0 0 5 3] ^2*>e)HJ6A^^c<i:'5CC. 
(D-biVmommm.^ (Rz ) *3 0mnJil±i-r-SCi 

[0 054] (^P!14~12 J:b©«a|4~8) 

[0055] mtSMmm^ (¥1^&S3 0 y m) . S^b 
(ipi^S 8 0 n m ) ?lr* 3 JC^-TSf-^i L//cil^* * 



^3CCn^Ti^Sa*-C5 0'C/'m i n©3S]S 
tf o fci>©-c* *) . tbSJt^l 8 {Jtblii^ 3 i |5j«fc L, -CI* 

[005 6] 

[*3] 







(Sft96> 


Si/C 


















































(Q) 


( -c) 




4 


20 


63.6 


16.4 


1.0 


0, 5 


1800 




5 


40 


47.7 


12. 3 


1.0 


0.7 


2000 




6 


60 


31.8 


8.2 


1.0 


0.7 


2200 




7 


80 


15.9 


4.1 


1.0 


95 


2300 




8 


40 


39.6 


20.4 


0.5 


0.2 


2000 


m 


9 


40 


51.2 


8.8 


1.5 


0.7 


1600 




10 


60 


32.9 


7.1 


1.2 


1.0 


1800 




n 


40 


45.4 


14.6 


0.8 


0,7 


2300 




12 


60 


31.8 


8.2 


1.0 


0.7 


2400 




4 


15 


87.6 


17.4 


1.0 


0.5 


180Q 


it 


5 


85 


U.S 


3, 1 


l.O 








6 


40 


47.7 


12.3 


1.0 


0.7 


1500 


m 


7 


40 


47.7 


12.3 


1.0 


0.6 


2000 




8 


40 


47.7 


12.3 


1.0 


0.6 


2000 



15 



C9) 
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[005 7] * * [^4] 







































Rz 




















CinnHg) 


(&/!■*> 


CMPa) 


(Q • cm) 




A 


54 


16 


38 


21 


33 


12.0 


0,6 




Ci 


tin 


1 ft 




1^ 


no 


10. 5 


0. 4 




6 


46 


22 


108 


10 


67 


9.8 


0.8 




7 


43 


24 


179 


7 


89 


6.5 


1.1 




8 


56 


7 


54 


37 


35 


13.4 


0.4 




9 


49 


16 


33 


18 


36 


11.2 


1.2 




10 


48 


19 


53 


14 


35 


10.1 


0.7 




11 


53 


24 


238 


9 


93 


7.9 


1.1 




12 


47 


38 


348 


5 


90 


0.8 


1.3 




4 


58 


17 


24 


11 


40 


1.4 


0,1 


It 


5 
6 


48 


3 


17 


68 


6 


9.4 


7.2 


m 


7 


52 


9 


19 


40 


9 


1.9 


1.9 




8 


54 


11 


10 


53 


3 


8.3 


8.3 



l^iS^CD-fe-imcD^ffitlS (Rz ) «:3 0 wmJit^i-r [ 0 0 6 0 ] ^5 CC^n$ia«>J; ^ tc^-fka^^ft*©— SP 

[0 05 9] 3-1 5) *0!I»*J6{«4~1 >'N-*A«^«:?:^JSLfFffil/fc. 

2 il5]*iK:ur3imttll^Jit*S*?f ^-Cse^t^^W-'^-* (0 06 1 ] 

Am^w=kmMLtcm-c$>i>. fiu. mmm4-~i2t c«5] 







Si/C 














5 


40 


47.7 


0 


12.3 


l.O 


0.7 




13 


40 


45.5 


2.3 


12.2 


1.0 


0.7 




14 


40 


43.6 


4.3 


12. 1 


1.0 


0.7 




15 


40 


37.1 


11.1 


11.8 


1.0 


0.7 



[0 06 2] 



[^6] 



(10) 



17 
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^ Rz 










(n 






(X) 




C/iffl) 




(naHg) 


(g/m*) 


(lilPa) 


• co) 




5 


50 


Ift 


85 


17 


12 


43 


10.5 


0.4 


m 


13 


50 


19 


88 


2S 


10 


69 


10. 1 


0.4 


m 


M 


51 


20 


94 


25 


8 


85 


9.7 


0.5 




15 


63 


25 


108 


29 


6 


107 


9.4 


0.7 



[0 06 3] a5-«6*e.?8e.*>^cJ:^«:. s^tits 

-ISifitl/c^^bliSgH D P F C tifi-C^ 

[0 0 64] (mimie-^iQ) :$^mimmm5Rzf 
10 06 5] mmmsRz/m&mi 4 tmmicvcj^- 



MiSl/Zc. C©J:5i5:gl{'P?:«g»)JIL/tTl»S* 1 Oil© 

saB^^ <%) =s:a«j^L/c, 

20 [0066] MtC. ^56*l^:^^:^*A«^S^*<D^&— tt* 
ifffif^fcJtJ^ >'N-*ASffi*>^5 0~ 1 0 OmmCD® 

[0067] 
[«7] 



CLL) 4#Pg¥ 10-526 1 8 



19 20 





5 


1 6 


1 7 


I 4 


1 8 


1 9 






31: 


mii.m 1 4 trf^ i: 




» 


m 












SO 
2000 
1 

+ 15 


100 
2000 
1 

+ 10 


200 
2000 
1 

- 5 


50 
2000 
I 

+ 15 


100 
2000 
1 

+ 10 


200 
2000 
I 

- 5 






(X) 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 






SiC 
SiC»C 


SiC 
SiC 


SiC 
SiC 


SiC 
SiC>>C 


SiC 
SiC 


SiC 
SiC 


m 


(0 • ca) 


^» 


0.4 

D.e 


0.2 
0.2 


0.2 
0.3 


0.4 

0.5 


0.3 
0.3 


0.2 
0.3 


(MPa) 




9.0 
12.0 


10.0 
10.5 


9.5 
10.0 


7.7 

11.7 


9.8 

9.7 


9.7 

9.6 


? ( m> 




95 

75 


97 

95 


95 
90 


95 
87 


95 
94 


93 
94 






19 
15 


19 
19 


20 
19 


28 
23 


25 
25 


25 
24 




C/t m> 


^« 


19 
17 


20 
19 


19 
19 


20 
19 


20 
20 


20 



«> X 1 0 o/^^-*AB«fi!l3B(*^x®aa) 



mt^mm-r^ctf,cj:->x immmi 6--i 9) . ^ 

:^ AlSjg(*^^3§-r 6 C t f)SX^t /Co 
[0069] ||]56Wl5fC*5CiT. 
V^mW(Onum&^bO'CXm i n^^^^ S 0-C/m i 

[0 07 0] (^^2 0-3 0 tb$5W9-16)* 

m^ctmmm 13-15 tmm^^coxmitmm^^o-^ 



x^^mf^.(D^xmt& b/c c <L r * 5 o 

[0 07 1 ] ^immn^ (¥i^8LSl 0 ium) . mit 

fi^^* (w-i^im4 5 urn) . mscow-mm^m-r 
^mmmm^Rumm^ (^i^asi o Mm) 
sccTf^rm^t ufcm^^m\^^xj^::^:^Aimmm 

ms ^mr&&^x^uLxm^tmM9^^^fJJ^mi&» 

[0 07 2] 
[^8] 



(02) ^mW- 1 0-526 1 8 

a 22 













SfbH^KlOO 


Si/C 






















at 


















Kit 


MIC 










H: 
















(4ia) 










20 


20 


53.4 


10.7 


15.9 


0.3 


20.0 


1.0 


1800 




21 


40 


40. 1 


8.0 


11.9 


0.5 


20.0 


1.0 


2000 






80 


13. 3 


2.7 




1 . u 


20 0 


1. 0 


2400 




23 


40 


40. 1 


8. 0 


11.9 


0. 03 


20.0 


1.0 


2000 




24 


40 


45. 5 


2. 3 


12.2 


0.3 


5.0 


1.0 


2200 


n 


25 


40 


37. I 


11. 1 


11.8 


0.5 


30,0 


1.0 


2000 




26 


40 


33.4 


6.7 


19.9 


0.3 


20.0 


o.s 


2000 




27 


40 


42.9 


8. 6 


8.5 


0.3 


20.0 


1.5 


1600 




28 


40 


40. 1 


8.0 


11.9 


0.3 


20.0 


1.0 


2200 




29 


40 


40.1 


8.0 


11.9 


0.3 


20.0 


1.0 


2400 




30 


40 


40.1 


8.0 


11.9 


0.3 


20.0 


1.0 


2600 




9 


85 


10.0 


2.0 


3.0 


1.0 


20.0 


1.0 


2000 




10 


40 


40.1 


8.0 


11.9 


2.0 


20.0 


1.0 


2200 


it 


11 


40 


46.4 


1.4 


12.2 


0.3 


3.0 


1.0 


2000 




12 


40 


34.5 


13.8 


11.7 


0.5 


40.0 


1.0 


1800 




13 


40 


30.9 


6.2 


22.9 


0. 03 


20.0 


0.4 


2200 




14 


40 


43.7 


8.7 


7.6 


0.3 


20.0 


1.7 


2000 




15 


40 


40.1 


8.0 
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